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1.0 INTRODUCTION

1.1 This Amendment addresses procedural changes to the Fort McClellan Eastern
Bypass (EBP) Explosives Safety Submission (ESS).  These changes are necessary
because there is at least one target area with such a high concentration of Ordnace and
Explosives (OE) and OE scrap that manual removal is inefficient.  A process
incorporating mechanical removal, sifting, and shredding of scrap will be used instead.
Armored heavy equipment and standard screening equipment will be used.

1.2  There is one confirmed high-density area within the EBP Right-of Way (ROW),
noted as the Mechanical Removal Area on Figure 1-1.  Another parcel is under
investigation and will likely be designated a high-density area  (See Fig 1-1).   If so, it
will be mechanically processed after completion of the first area.  For this amendment the
EBP ROW is defined to include OE Area 2 as identified in the EBP Engineering
Evaluation/Cost Analysis (EE/CA) and the additional 40 acres added as a result of
ALDOT’s request for additional acreage.

1.3 This operation will entail establishing two processing sites in previously cleared
areas of the EBP (See Figure 1-1), the Mechanical Processing Area (Figure 1-2) and the
Shredder/Disposal Area (Figure 1-3).  Sifting and magnetic separation operations will be
conducted in the Mechanical Processing Area.  The ferrous metal spoils will be inspected
and demilitarized in the Shredder/Disposal Area.  The inspection will take place in the
inspection/demolition area (Figure 1-3) where scrap will be segregated and OE will be
blown-in-place.  After the scrap is certified inert it may be run through a shredder.  These
two sites will operate independent of one another, but will maintain communications to
allow for the smooth transfer of metal spoils from the Mechanical Processing Area to the
Shedder/Disposal Area.

1.4 All personnel in the Mechanical Processing Area of this project will be protected
by appropriate armoring of the equipment operator stations and/or the control booths.
None of these personnel are allowed outside the protective armor while mechanical
removal operations are underway.

1.5 An innovative technology demonstration for direct disposal of UXO using a
ringmill, lowspeed shredder may be conducted at Ft. McClellan, after al other mechanical
removal, processing, and disposal operations have been completed.  This testing is
described as separate operation at Section 8.0 of this Amendment.
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2.0 REASON FOR OE

2.1 This Mechanical Removal Area has a known history of being an impact area for
2.36in rockets and 3in Stokes Mortars.  The Archive Search Report (ASR), which was
conducted in 1999 by the United States Army Corps of Engineers (USACE) St. Louis
district, showed the area to be a known range during World War II through 1958 when it
was abandoned.   The Possible High Density Area, which is currently being investigated,
is not mentioned in the ASR.  If it is determined this area is also a high density area that
will require a mechanical removal, the area will be done following completion of the
initial Mechanical Removal Area.

3.0 AMOUNT AND TYPE OF OE

3.1 Previous efforts of manual removal to one foot in the Mechanical Removal Area
have taken 12 to 16 weeks per team in some 100 x 100 foot grids.  Table 3-1 lists the
types of OE and OE scrap that have been found.

3.2 The Most Probable Munition (MPM) for the EBP is the 37mm MKII with a
Minimum Separation Distance  (MSD) of 1181ft.  Even though this area is a known
2.36in Rocket range, 37mm rounds have been found in the vicinity.  For consistency we
are retaining the 37mm MKII as the MPM for the Mechanical Removal Area.

3.3 Equipment used for the mechanical processing include armored earth moving
equipment (excavator [1 ea], articulated dump trucks [2 ea], and front end loaders [2 ea]),
a Powergrid screen, Trommel rotary sifter and a control booth.  The equipment requiring
armor, will be armored to a minimum level as calculated by Dr. Michelle Crull,
USAESCH.  If there is an inadvertent detonation inside either machine (Powergrid screen
or Trommel Rotary sifter) during its normal course of operation, it will be repaired as
needed.  The control booth will be armored to the same standard as the earth moving
equipment.  This will consist of at least 9/16in thick armor that has passed ballistic testing
and PAS-BR-8 ballistic glass clad laminate with an average thickness of 2.311in and
weight of 25.17 lbs/sq ft and 60% light transmission.   The armor is fabricated as a slip
over unit for the earth moving equipment.  The control booth is fabricated from the armor
and glass.  Appendix A contains information on the equipment and shop drawings of the
armor, Appendix B is a memorandum for the file from Porter Morgan, USACE Technical
Manager, OE Removal Projects, Ft. McClellan, which contains information on the
explosive effects of the 2.36in Rocket. A stand-off distance of approximately 13 feet is
sufficient to prevent penetration of the specified armor by a properly functioning 2.36-
inch High Explosive Anti-Tank (HEAT) warhead.  All equipment operators are separated
from the effects of a potential HEAT round detonation by either the stand-off distance or
a combination of stand-off and additional equipment components (dump bed body,
bucket, etc.) plus the armoring around the operator stations.  In addition, the age and
condition of the 2.36-inch UXO (over 50 years old), as well as the mechanical process
actions significantly decrease the probability that a 2.36-inch HEAT round will be able to
function as designed.
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Table 3-1
Types of OE and OE Scrap Found In the Mechanical Removal Area

Grid Item Comments
All 2.36in Rocket Fragments, Rocket Motors, Warheads and Full

Rounds
L33 60mm Mortar Fins and Fragments
L34 60mm Mortar Illumination Round
M42 37mm

Projectile
Armor Piercing- Tracer (AP-T)

M42 3in Mortar Stokes, Fuzed, Sand Filled

4.0 START DATE

4.1 The intrusive component of the Removal Action under this Amendment is
scheduled to commence after the approval of this document.  Operations must start by
November 2002.  Failure to meet this date will have a significant potential to delay this
action until the summer of 2003.  Time is the critical factor in completing the work on the
Eastern Bypass this calendar year, prior to beginning of the wet weather season in
Alabama, which normally starts in December and runs through April.  The following
elements have significant potential for delaying the remaining OE and metal scrap
removal work such that site removal work could not be completed until the summer of
2003:

- Review and approval of this ESS Amendment.
- Equipment failure or malfunctions that cannot be repaired/replaced in a timely

manner.
- Abnormal and/or long-duration wet weather events starting in December
causing muddy conditions for more than a few days.

5.0 CLEARANCE TECHNIQUES

5.1 Introduction
5.1.1 With the high density of OE located within the Mechanical Removal Area the
standard method of geophysical survey followed by manual intrusive operations is both
cost prohibitive and raises safety concerns with OE so closely packed in the soil.  The
previous geophysical surveys were so heavily contaminated with OE/metal scrap that
individual targets could not be distinguished. The planned removal method is to remove
the soil by armored excavator and transport the contaminated soil to the Mechanical
Processing Area with an armored articulated dump truck.  Depth of soil removal will
typically range between one and five feet.  To separate the OE/metal scrap from the soil,
a Powergrid shaker will be used, which will feed into a Trommel rotary screen.  The two
units will be connected by a system of conveyor belts, which contain a magnetic
separation drum at the end of each conveyor. The magnetic separation will remove any
metal debris from the soil and deposit it into containers. The process should allow for the
safe separation of OE and metal scrap from the soil with little manual contact.  All metal
removed will be taken to the Shredder/Disposal Area. All metal determined to be scrap
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(OE or Non-OE) will be delivered to the shredder and will be shredded in accordance
with the shredder manufacturer’s directions.  All items determined to be OE will be
disposed of in accordance with the original ESS.

5.1.2 Trees within the project limits for the excavation will be dug and removed
utilizing an armored Hydraulic Excavator with standard bucket and armored thumb
attachment.  Trees along with root ball will be picked up, shaken to remove as much soil
as possible, and placed in the armored dump truck, which will take the trees to an area
within the EBP ROW for manual intrusive investigation.  Manual intrusive investigation
and UXO/OE removal will be performed using approved magnetic locators and
appropriate digging equipment or explosives.  If fuzed UXO is discovered in the trees, it
will be disposed of in place utilizing approved demolition procedures, and all metal scrap
will be taken to the Shredder/Disposal area utilizing armored heavy equipment.  The
personnel needed for this phase of the project include a combination of 3 equipment
operators (excavator and 2 dump trucks) and a safety observer for the tree removal, and
two UXO technicians and a safety observer for the tree inspection.

5.2 Mechanical Excavation, Mechanical Sorting, and Transportation of OE and
OE Scrap Items

5.2.1 Figure 5-1 provides a schematic flow process diagram for the excavation and
processing of soil from the site.  The Contractor will establish the Mechanical Processing
Area in an area of the EBP previously cleared of OE/metal scrap, approximately 250 feet
from the grids to be excavated.  Manufactured concrete blocks (2’x’2’x 4’) stacked to an
appropriate height around selected portions of the processing area will be used to provide
protection for the processing equipment from inadvertent damage from the front end
loaders.  A portion of the initially excavated materials, equivalent to approximately a
one-week supply, will be placed in the covered soils holding area on the site to provide
the capability to continue operations in the event of severe wet weather conditions during
the project life-span.  In the event of no rain delays, these materials will be processed at
the end of the operation.

5.2.2 A total of 5 personnel are required to conduct the excavation, hauling, and
processing of the site soils, 4 equipment operators and 1 UXO Tech III.  Soil
contaminated by OE and metal scrap is excavated and delivered to the Mechanical
Processing Area where it is processed and separated into various size materials.  Sizing
and magnetic separations will be used to separate the OE/metal scrap items into three
distinct sizes.  The three distinct sizes of spoils are, (1) greater than 3in, (2) greater than
1in but less than 3in, (3) less than 1in.  A magnetic drum will be used on each conveyor
to separate metal from the soil.  The metal will be deposited into containers for easy
consolidation.  Figure 1-2 shows the location of the magnetic drums.

5.2.3 The spoil pile that contains items less than 1in is expected to be clean.  The pile will
be randomly checked by a UXO Technician to confirm/deny the presence of metal in the
pile.  The remaining two piles (greater than 1in items) will be returned to the Powergrid
shaker and reprocessed as needed.   The on site safety observer will decide when the
items can be manually verified free of OE and moved to the clean spoils pile.  Separated
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OE/metal scrap materials will be loaded onto an armored dump truck with an armored
front loader and delivered to the separate Shredder/Disposal Area or transported directly
by the front end loader to the Shredder/Disposal Area for further inspection, disposal or
shredding as needed.
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Figure 5-1 OE Mechanical Removal Disposal Flow Process Diagram
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5.2.4 Start up of the Powergrid shaker, Trommel rotary sifter and conveyer system
will be done only when all operators are inside armored heavy equipment.  Start up will
be done in accordance with appropriate operator’s manual.  The onsite Supervisor will
start the system from inside the armored control booth.   An emergency kill switch will
be located in the booth, allowing the supervisor to immediately stop the process in an
emergency.  Operations will be observed from inside the armored control booth, with the
aid of remote video monitoring equipment at all times.  Manual handling of UXO/OE
materials at the Mechanical Processing Area shall be on an “as needed” basis, for
example when the equipment becomes jammed and requires hand clearing and/or repairs
are needed to the equipment.

5.3 Recovery and Disposal
5.3.1 The operator in the control booth will decide at what point the OE/metal spoils
will be removed from the Mechanical Processing Area and delivered to the
shredder/disposal area via an armored front-end loader or articulated dump truck.  The
decision as to when the pile of metal scrap is large enough to take to the
Shredder/Disposal Area will be based on the number of potential OE items in the metal
container.  Dr. Michelle Crull, USACE, has calculated the number of OE items allowed
in one container to keep the K24 distance under 100 feet, this calculation is provided in
Appendix B.  Here the items will be inspected, OE disposed of via demolition procedures
while scrap will be certified inert and taken to the inspected scrap pile.  The inspected
scrap will be shredded as its final demilitarization step.  These steps are explained in the
following paragraphs.

5.3.2 An Inspection Area will be chosen in the Shredder/Disposal area where
consolidated demolition shots can be performed.  This area is inside the EBP ROW and
will have a wall of manufactured concrete blocks (2’x’2’x 4’), stacked to six feet high.
(See Figure 1-3) Once the metal scrap has been delivered it will be spread out using an
armored front end loader.  The metal will be inspected by a qualified UXOQC and
SUXOS, certified inert, and moved to the inspected scrap pile area, where it will later be
loaded into the shredder.  OE/UXO items discovered at this time will be left in the
inspection area and disposal performed. Disposal operations will be carried out by three
personnel at the shredder/disposal site.  These three personnel will be:

(1) UXO Technician III, Team Leader
(1) UXO Technician II, Team Member
(1) UXO Safety Officer

The SUXOS will be available and on post, but due to the nature of the ongoing daily
demolition will not be required on the site for disposal operations.  The primary disposal
method of OE items will be by perforator or detonation.  Demolition operations will be
controlled from the control booth which is armored for this function.  This same control
booth will be used to monitor shredding operations.  After disposal operations are
performed the item will be certified free of energetic material and will be added to the
inspected scrap pile.   The shredder will not be operating during the inspection of scrap or
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during demolition operations, and demolition or inspection operations will not happen
while the shredder is in operation.

5.3.3 All metal scrap will be inspected twice prior to being put through the shredder.
The first inspection will be by a qualified UXOQC and secondly by a SUXOS.  This will
allow the scrap to be certified free of energetic material.  This process will allow the
shredder to be operated free of explosives and will allow easy disposition of the
demilitarized scrap.

5.3.4  A demilitarization technique using mechanical shredding will be employed as
an “innovative” demonstration for destruction of metal scrap separated by the mechanical
processing of the site materials.  This demonstration will only address scrap metal that
has been inspected and certified free of energetic material.  Manufactured concrete blocks
(2’x’2’x 4’) stacked to an appropriate height around the shredder will be used to provide
protection from damage from the earth moving equipment.  An armored, wheeled front
end loader will initially feed the hopper for the shredder with the potential for adding a
feed conveyor to the system for additional production.  Start up of the Shredder will be
done only when all operators are inside the control booth and other personnel are outside
the fence of the Shredder/Disposal area.  Start up will be done in accordance with
appropriate equipment operator manual.  The onsite Supervisor will start the system from
inside the control booth.  An emergency kill switch will be located in the booth, allowing
the supervisor to immediately stop the process in an emergency.  Operations will be
observed from inside the control booth, with the aid of remote video monitoring
equipment at all times.

5.3.5 The Q-D for the exclusion zone for both the excavation/sifting operations and the
shredding/disposal work area is 1181 feet. These exclusion zone distances fall within the
work zones originally established for the EBP and therefore require no adjustments and
will cause no additional exposures.   The Q-D Map is included as Figure 7-1.

6.0 Quality Assurance/Quality Control (QA/QC) Plan

6.1 All excavation and sifting operations will be stopped during the Quality
Control/Quality Assurance investigations/inspections of the grids.  Upon completion of
the excavation a geophysical mapping team will complete a geophysical survey to
confirm all anomalies have been removed from the grid.  The site geophysicist will
review the data and determine if additional anomalies are present.  If additional
anomalies are located the SUXOS will investigate to determine if they can remove the
additional contacts manually or if more excavation is required.  If the number of
anomalies is limited, and/or widely scattered, the SUXOS will have personnel manually
clear the anomalies, if not they will be cleared by further mechanical means. Upon
completion of the excavation and successful QC investigation the COE QA
representative will complete the QA inspection.  This coordinated effort between the
Contractor QC and the COE will ensure the sifting operation is not delayed any longer
than necessary by personnel in the exclusion zone.
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6.2 The three-step QC process will be performed per the original ESS on all phases of
the mechanical removal.  All team members involved will receive preparatory inspections
prior to beginning work and will receive follow on surveillance through-out the process.

7.0 MAPS

7.1 Site Map
7.1.1 Figure 1-1 in this amendment has been added to show the relationship between
the Mechanical Processing Area and the Shredder/Disposal Area and to outline the
Mechanical Clearance Area and the second Possible High Density Area.

7.2 Target Area Map
7.2.1 Figure 1-2 in this amendment shows the locations and layout of the Mechanical
Processing Area in relation to the Mechanical Removal Area.  Figure 1-3 shows the
layout of the Shredder/Disposal Area.

7.3 Q-D Map

7.3.1 Figure 7-1 is included to show the Q-D for the Mechanical Processing Area and
Shredder/Disposal Area.
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8.0 Technology Demonstration for Direct Disposal of UXO by Mechanical
Shredding.

8.1   The mechanical ring mill shredder used for the demilitarization and scrap
processing, as described in Section 5.3.4, will be used to conduct a limited test of this
technology for direct disposal and demilitarization of OE/UXO items.  That is, potential
OE/UXO and assorted metal debris, not to exceed a 60mm mortar explosive weight per
item, will be processed directly through the shredder without any inspection or prior
demolition of the items.  This innovative technology testing will be conducted after all
other mechanical removal, sorting, and disposal operations have been completed.

8.1.1 Initial testing of this technology was conducted at the Redstone Arsenal Technical
Testing Center in August 2002.  Inert, practice, and certified ordnance scrap and live 60
mm HE mortars were shredded to validate the capability of the mechanics and structural
integrity of the machine and its ability to survive detonations of limited size ordnance.
These initial tests were successfully completed and demonstrated the capability of the
equipment to effectively process both scrap and live ordnance.  In order to complete the
validation of the technology concept a second phase under on-site, field conditions is
required.  The use of the Fort McClellan Mechanical Removal Area provides an ideal site
for a limited demonstration of collecting and processing potential UXO under similar
conditions as would be expected if the technology were fully capable of being deployed.

8.1.2 The test will be conducted in the Shredder/Disposal Area, shown in Figure 1-3.
All applicable aspects of this ESS amendment will be incorporated as part of this
technology demonstration with respect to safety procedures.  The items to be tested will
be collected from the Eastern Bypass 2.36-inch rocket target area.  The technology
demonstration will be limited to a total of no more than 2000 pounds of ordnance and
scrap items separated at the end of mechanical sorting process.  These separated materials
will be stored at the inspection/demolition area, within the secured fence, and guarded
during non-working hours, until commencement of the demonstration.  It is anticipated
that this temporary stockpile will be required for approximately 3 days before the limited
demonstration testing can occur.

8.1.3 The total number of 2.36-inch rockets removed from each grid at the rocket target
site to date has been documented and can be used to anticipate the remaining levels of
concentration for potential UXO rounds.   A Net Explosive Weight (NEW) for this
stockpile has been calculated based on an estimated number of 2.36-inch rockets that
would be likely to occur in a volume of 2000-3000 cubic yards of in-place soils from the
site.   It is estimated that approximately 15 to 20 potential UXO 2.36-inch rockets will be
in this stockpile.  Each rocket contains 0.5 pounds of Pentolite explosive compound.  The
NEW for this stockpile would range between 7.5 and 10 pounds.  The K24 distance is
less than those shown in Appendix B.  In addition, this stockpile will be semi-enclosed by
the concrete barrier wall, shown on Figure 1-3, to direct any fragmentation and/or
overpressure away from the working area of the shredder and its power and control
systems.  As a further safety factor the material can be separated into smaller piles within
the inspection/demolition area, as necessary, to further minimize the amount of
explosives potentially occurring in any one stockpile.
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8.2 Standard Test Procedures.

The required test steps and safety checks to conduct this test are listed below:

8.2.1 Delivery of the ordnance/scrap items from the Mechanical Processing Area to the
inspection/demolition area will be by armored front-end loader, exactly as for the
previous process of inspection, demolition, and demilitarization.  Unprotected
personnel are not allowed within the QD arc of the Mechanical Processing Area
nor the disposal/shredding area during this delivery process.

8.2.2 The temporary stockpile of separated items (UXO/OE and Metal Scrap) within
the inspection/demolition area will not exceed 2000 pounds, with any smaller,
segregated stockpiles not exceeding 500 pounds each.

8.2.3 Guards will be provided during non-working hours for the duration of the
temporary stockpile, or until such time as the testing begins for each day of
testing.

8.2.4 The limited testing will be conducted in increments not to exceed 500 pounds of
material.

8.2.5 Upon initiation of the testing operations, the Senior UXO Supervisor will control
all access to, as well as site activities within the QD distance for the shredder site.
Two-way radio and mobile phones will be used for positive control of site
operations.

8.2.6 Two UXO Technicians will be stationed within the armored control booth at the
site to oversee the tests and provide control of the site.

8.2.7 Upon approval of the SUXOS the start of the testing will begin by having the
initial load of items delivered to the hopper of the shredder using the armored
front-end loader.  The materials will be fed to the hopper by the front-end loader,
or by conveyor, if that option has been installed for the previous scrap processing
operations.

8.2.8 The armored front-end loader will be moved outside the Shredder/Disposal Area.

8.2.9 The system operator will then start the shredder by remote control from the
armored booth and observe the shredding operations via Closed Circuit
Television (CCTV).  Upon passage of all items through the shredder, the operator
will shut down the shredder.

8.2.10 All shredded material will be collected in a steel roll-off box or similar steel
container placed beneath the shredder.
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8.2.11 A 30-minute wait out period will be observed after shut down of the shredder
before personnel will be allowed to inspect the test results.

8.2.12 A SUXOS will then visually inspect the shredder and collection box to determine
if any potential UXO remain intact or have potential remaining explosive
capability.

8.2.13 Upon an all-clear by the SUXOS, inspection of the hopper and cutter chamber in
the shredder will be made to determine if any build-up of explosives is occurring
on the cutter disks, hopper walls or other components within the shredding
compartment.

8.2.14 Documentation of this test step and the results of the shredding operation will be
made with digital video and still photography and field notes to ensure all
activities and results are captured for report preparation.

8.2.15 This series of steps will be repeated until all tests are completed.

8.2.16 As a final cleanup process for the shredder, a charge of inert scrap metal and soil
will be run through all areas of the cutter chamber to polish/remove any
explosives that might have stuck to the metal components of the shredder.  A
final visual inspection will confirm that the shredder is free of residual explosive
compounds.

8.2.17 All processed materials from this testing will be retained in a single, locked roll-
off box or equivalent at the shredder until such time as the material can be
manifested and shipped to a RCRA approved incinerator for disposal.  The
limited weight of explosive materials within the total weight of the metal items is
expected to be much less than 1% of total weight.

8.3 Procedures for Detonations of Rounds Within the Shredder.

8.3.1 Based on the initial demonstration testing at Redstone Arsenal, the probability of
a round detonating in the shredder is very low because of the low-speed operation and the
shearing process.  However, there is always the potential for a UXO to detonate at any
point in this mechanical shredding process.  Therefore, in the event that a OE/UXO item
detonates within the ring mill shredder during any portion of the testing, specific safety
procedures are required to be observed.  These steps are listed below:

8.3.1.1 Upon detection of an explosive event in the shredder during operations, the
system operator in the armored control booth will observe and evaluate the
operation of the shredder via the CCTV system.

8.3.1.1.1 If the shredder is continuing to operate without any apparent
damage, the operator will continue to process the charge of materials until the
shredder has processed all items into the collection bin beneath the shredder.
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8.1.1.1.2 If the shredder has jammed and can not free itself via it’s normal
reverse cycling process, the operator will shut down the
equipment.

8.1.1.1.3 Under either case above, the UXO Tech III will notify the SUXOS,
call a halt to all operations at the site, and initiate a 30 minute wait
period before leaving the control booth.

8.1.1.1.4 During the 30 minute wait, the operator  will attempt to evaluate
the conditions inside the shredder hopper and cutting chamber via
the CCTV system to determine if any potential UXO items remain
in the shredder, which might pose an explosive risk.

8.3.1.2 Upon closure of the 30 minute wait out period, the SUXOS will visually inspect
the shredder hopper, cutting chamber, and collection box to determine any residual UXO
risk.

8.3.1.3 In the event a potential UXO is in the shredder or the collection box, the SUXOS
will arrange for demolition of the UXO item via standard hand demolition procedures.
The item will be perforated/blown in place within the shredder or collection box.  In no
instance will such items be moved, unless the SUXO and Tech III can both validate that
the item is incapable of detonation.

8.3.1.4 In the event the shredder was jammed by a detonation within the machine, the
clearance procedures in 8.3. b. and c. above will be completed before any repairs are
attempted on the machine.  Once the machine is determined to be in a safe condition with
respect to OE/UXO, the operator and contractor shall determine the requirements for
repairs necessary to put the shredder back in operation.

8.3.1.5 Once repairs are completed, the testing will resume using the same procedures
and processes as designated above.

8.3.1.6 In the event that the shredder can not be repaired in a timely manner, i.e., 24
hours, the remaining OE/UXO items in the stockpile will be inspected and disposed of
via standard hand demolition practices, as were used for the previous disposal operation
in support of the mechanical removal and sorting operation.



Final                 Fort McClellan
Amendment 1: Eastern Bypass Explosives Safety Submission

DACA87-99-D-0010
Amendment 1: 04 October 2002

A/1

Appendix A

Shop Drawings and Equipment Information
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22 August 2002

Memo For Files

SUBJECT:  Documentation of 2.36-inch H.E.A.T. Rocket (M6A3) Stand-off Distance
for Mechanical Removal Using T-1 Armor, 9/16-inch Thickness

1.  Reference historical test data from various developmental tests of 2.36-inch HEAT
rockets, obtained from Redstone Scientific Information Center, 1 August and 22 August
2002.  Also, personal consultations with Dr. David Lydell, Jet Research Center,
Halliburton, Inc. were conducted on 8 and 22 August 2002.

2.  Characteristic and test data for the 2.36-inch HEAT round were obtained from file
documents dated 1943-1944, 1952, and 1953.  Additional detailed schematics of the
rocket and components were reviewed from ordnance manuals.  The HEAT round is
composed of a shape charge with the following characteristics: explosive filler – 0.5
pounds of Pentolite, steel cone of 78.7 grams weight, 48 mm diameter at open end, 68
mm in length and a 2.5 mm wall thickness. The nose cone standoff distance to the shape
charge is approximately 4 inches.  Expected penetration of the shape charge is
approximately 3.5 to 4 inches of hardened armor plate.

3.  Approximately 95% to 97% of the ordnance used at this site was training rounds (M7
A2/A3).  However, the potential detonation of a HEAT round during mechanical
excavation and power screen processing poses a problem for protecting the equipment
operators.  No test data was found which could substantiate the effective distance of the
“jet/slug” from the HEAT warhead with respect to detonation in a manner different from
intended use.  That is, if the round detonated in free space and not at its optimum stand-
off distance for maximum armor penetration, at what distance could it penetrate the 9/16-
inch T 1 armor proposed to be used on the equipment?

4.  Jet Research Center, a division of Halliburton, Inc., specializes in developing and
testing jet penetrators (shape charges) for use in oil well development and demolition
munitions.  Dr, David Lydell is a specialist in shape charge design, having worked for the
U. S. Government in warhead development and design.  Given the particular
characteristics of the 2.36-inch HEAT round he was able to model the effective standoff
distance for the proposed T 1 Armor.  The modeling indicates that the jet/slug will not
penetrate the T 1 (9/16-inch) at a distance of about 13 feet.  That is, the jet/slug is a
ballistic fragment without the capability to burn through the armor.



5.  Historical records indicate that improvements in shape charge warhead design for the
2.36-inch HEAT round were conducted from 1946 through 1953.  An improved round
(M6A5) was tested in the 1952 –1953 timeframe.  The shape charge was changed to
include 0.97 pounds of Composition B explosive as a replacement for the Pentolite.  This
extended the length of the warhead to the rear to accommodate the added explosives.  All
other characteristic components appear to have remained the same.  Extensive design and
development was completed on the nose cone and the shape itself since the proper
functioning of these two components control the capability to develop optimum
penetration of the warhead.  A second round of modeling by Dr. Lydell indicates that the
added explosive has little effect on the 13-foot standoff distance for the equipment armor.
Most of the added explosive force resulted in more fragmentation effects for the round.

6.  A records search of the Ft. McClellan Archives Search Report was conducted to
determine when the 2.36-inch rocket range was used and abandoned.  Based on those
records, the range was active during and shortly after World War II.  In 1947, Ft.
McClellan was inactivated.  Ft. McClellan was re-activated in the 1951-1952 timeframe.
Troop training in use of anti-armor ordnance was not part of the next few years’ activity.
The records indicate that the 2.36-inch range was probably closed in the early 1950’s.
Therefore, the most likely scenario for the 2.36-inch rocket range is that the M6A3 will
be HEAT round used at the site for 2.36-inch rocket training.

Porter Morgan
Technical Manager
OE Removal Projects
Fort McClellan, AL
CEHNC-ED-CS-G



Ft. McClellan - Rocket City
Distance between metallic scrap pile & operator booth = 100 ft
Remote operator distance = K24 (C2.4.3, DoD 6055.9-STD)

Maximum NEW (lbs) based on remote operator distance = 72

Munition Explosive Type
Explosive 

Weight (lb)

TNT Equiv 
Explosive 

Weight (lbs)

Total No. of 
Munitions of 
This Type 
Allowed in 
Scrap Pile

37 mm MK II (0.053lb) TNT 0.053 0.0636 1137
M9 Rifle Grenade Comp B 0.62 0.8928 81
2.36 " Rocket Pentolite 0.5000 0.9 80
60 mm M49A3 Comp B 0.4200 0.6048 120
60 mm M49A5 Comp B 0.7900 1.1376 64
3 in Stokes TNT 2.1000 2.52 29
81 mm M374 Comp B 2.0900 3.0096 24
81 mm M43 Comp B 1.2900 1.8576 39
81mm M362A1 Comp B 2.1000 3.024 24
81 mm M56 TNT 4.3000 5.16 14

Calculated By:  Michelle Crull, PhD, PE
Date: 20 August 2002
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Appendix C

Exclusion Zone Information for 37mm Projectile
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